We have also studied the receptor for the C3bi complement component (CR3), which is blocked and immunoprecipitated by monoclonal antibody OKM10.
Introduction
Human polymorphonuclear leukocytes (PMN) develop from bone marrow myeloid stem cells, which divide until the metamyelocyte stage, at which time they undergo terminal differentiation. PMN maturation is characterized by the acquisition of polymorphic nuclear morphology and phagocytic and microbicidal capacity. These functional changes associated with maturation are likely to be accompanied by changes in plasma membrane constituents. The quantitative expression of plasma membrane components can now be studied with the use of monoclonal antibodies as probes. suggestion that there might be more than one type of Fc.YR on human leukocytes came from observations that monocytes and PMN differ in their ability to rosette erythrocytes coated with anti-Rho sera (1) . Kurlander and Batker (2) then demonstrated that PMN bind IgG1 oligomers with 100-1,000-fold lower avidity than do monocytes. The low avidity neutrophil Fc.YR (FczRjO) bears The receptor for the C3bi complement component (CR3) has recently been identified using the monoclonal antibodies OKMl and OKM10 (5, 6) . CR3 consists of two peptides, an a of 185,000 Mr and a ft of 105,000 Mr and appears to be a member of a closely related family of two-chain leukocyte antigens. Each member of this family consists of a unique a-chain noncovalently associated with a j3-chain, which is identical for all members of the family (5, 6) . The family includes: CR3, which is expressed on monocytes, macrophages, and PMN; LFA-1, which is associated with T cell-mediated cytolysis, and is found on lymphocytes, monocytes, and macrophages; and a third protein of unknown function with an a-chain of 153,000 Mr. All members of the family share determinants, probably on the A-chain, which are recognized by monoclonal antibodies IB4 and TS1/8 (5, 6) .
The HL-60 cell line has been used as a model for myeloid differentiation. HL-60 cells treated with dimethyl sulfoxide (DMSO) (7) or retinoic acid (8, 9) differentiate in vitro to cells with more mature myeloid morphology and functional characteristics, whereas HL-60 cells incubated with phorbol myristate acetate (PMA) exhibit morphology more characteristic of monocytes (10). Similarly, the U937 cell line, which has monocytelike characteristics, responds to lymphokine or gamma interferon with an increased expression of FczRh (1 1-13 provided by a 5-W argon-ion laser (Spectra-Physics Inc., Mountain View, CA) at an incident power of 300 mW. Emitted light was optically filtered with 520-nm and 530-nm "cut-on" filters (Ditrich Optics, Marlboro, MA.) placed in series. In all cases the photomultiplier tube was set at 2/1. In each case controls omitting 3G8 Fab or the rabbit anti-Fc7RW, F(ab')2, and controls using an irrelevant Fab or rabbit F(ab')2 reagent were included. Fluorescence gain settings were 8/1 for cells stained with 3G8 or the rabbit anti-Fc.R10 F(ab')2 and 8/0.7 for cells stained with OKM 10.
Ligands and binding studies. Purification of monoclonal antibody and papain Fab fragments was as described (3, 25 (27) . The IgG fraction of the rabbit anti-FcR was prepared by ammonium sulfate precipitation and purified by chromatography on a TSK-3000 column (LKB, Stockholm, Sweden). The F(ab')2 fragment was prepared by pepsin digestion and similarly chromatographed on a TSK-3000 column. The ability of F(ab')2 fragments ofthe anti-Fc.R1 IgG and control rabbit IgG to inhibit binding of soluble rabbit antidinitrophenyl (DNP) IgG-DNPgBSA complexes prepared as described (3) was tested following preincubation of the neutrophils for 1 h with the F(ab')2 preparations.
The binding of labeled 3G8 Fab or monomeric IgGl was performed using saturating concentrations of antibody as described previously (3).
Briefly, cells (5-20 X lIO) were incubated (1 h, 40) in 0.1 ml of PBS containing 1 mg/ml bovine serum albumin (PBS-BSA) and 2 ,g/ml of labeled ligand (2,000-4,000 cpm/ng protein). To remove unbound ligand the cells were diluted with 2.5 ml PBS-5%FBS, and the suspension was centrifuged. The cell pellet was resuspended in 1 ml of PBS-5%FBS, centrifuged, and the radioactivity in the cell pellet was determined. Results were corrected for nonspecific binding by subtraction of radioactivity bound using an equivalent input of radioactivity in labeled ligand of low specific activity (10 cpm/ng).
Cell labeling and immunoprecipitation. Cells were labeled with 1251 using lactoperoxidase and glucose oxidase (28) . The labeled cells were lysed in PBS containing 0.5% Nonidet P-40 (NP-40), 1 mM phenylmethylsulfonylfluoride (PMSF), and 0.28 IU aprotinin/ml (29 in the differentiation of these cells to more "mature" forms (7) (8) (9) . In agreement with previously published reports (7), we found >95% of uninduced HL60 cells resembled promyelocytes. Culture with DMSO and to a lesser extent with retinoic acid, resulted in the appearance ofa large percentage ofcells resembling metamyelocytes, and a small percentage of more mature forms (Table  I) . We examined by immunofluorescent staining HL-60 cells that had been induced to differentiate and found a correlation between the extent of differentiation as judged by morphology and expression of Fc7R1. (Table I , Fig. 1 ). Incubation with DMSO ( Fig. 1 B) and retinoic acid (Fig. 1 C) resulted in fluorescent staining by 3G8 on 24.3% and 5.2% of the cells, respectively, compared with <0.2% of the uninduced population (Table I , Fig. 1) . Incubation of the HL-60 cells with PMA did not result in staining with 3G8 (Table I, Fig. 1 D) . The few positive cells present in the uninduced population ofHL-60 cells stained with 3G8 had metamyelocyte nuclear morphology and had matured spontaneously without the addition of any drug (7) (Table I) . (Table II) (Fig. 2 C) . However, treatment with DMSO or retinoic acid resulted in the expression of this receptor on all cells as determined by fluorescence-activated cell sorter analysis (Fig. 2 C) .
We also examined the expression of antigens recognized by the antibody IB4, which recognizes a determinant shared by at least three members of a family of two-chain leukocyte membrane proteins (5, 6). All HL-60 cells and 30% of U937 cells expressed low levels of fluorescent staining with IB4 (Table I) . However, after incubation with lymphokine, >99% of U937 cells were stained with IB4.
To quantitate our results on a per cell basis, we also performed cell sorter analysis on drug-induced and control HL-60 populations (Fig. 2 A and B) . (Fig. 2 A) . This antiserum immunoprecipitated the same protein from labeled cells as the monoclonal antibody (Fig. 3, lanes b-e) . Furthermore, F(ab')2 fragments of the antiserum inhibited the binding of soluble immune complexes to peripheral neutrophils, whereas control rabbit F(ab')2 had no effect (Fig. 4) . When the rabbit anti FcR10 serum was used to stain DMSO-treated HL-60 cells, a slightly higher percentage ofstaining was found (31.9%) than with 3G8 Fab, suggesting that this antisera might crossreact with epitopes on other Fc receptors (Fig. 2 B) . We also found that only a fraction ofDMSO-induced HL-60 cells stained with 3G8 whereas the same cells stained uniformly with OKM10 (Fig. 2 C) . Expression ofthe 3G8 and IB4 antigens by cellsfrom CML patients or leukemic bone marrow. Another model for neutrophil maturation is found in patients with CML. In the peripheral circulation of these patients cells with mature neutrophil morphology as well as less differentiated cells are found. We reported previously that the less dense (immature) cells had fewer binding sites for 3G8 (3) . Immunofluorescence studies (Table III) (Table IV) . Indeed, the intensity of fluorescence was greatest on cells with fully mature nuclear morphology (Fig. 1 F) Fab or a rabbit anti-Fc7R1O antiserum yielded identical proteins with broad electrophoretic mobility, from 50,000 to 74,000 Mr and from 56,000 to 74,000 Mr, respectively (Fig. 3, lanes b-e) , confirming that the two sera react with the same protein. The rabbit antisera to FcR1. precipitated a larger amount of this polypeptide than did 3G8 Fab. As expected on the basis of immunofluorescence data ( Figs. 1 and 2 ), 3G8 failed to precipitate 50,000-to 74,000Mr proteins from untreated HL-60 or U937 cells (Fig. 3, lanes f and i) .
Affinity chromatography of NP-40 lysates from HL-60 or U937 cells on IgGI-Sepharose revealed polypeptides migrating from 62,000 to 68,000 Mr and from 48,000 to 63,000 Mr, respectively, and a peptide centered at 90,000 Mr (Fig. 3, lanes  h and k) . No labeled protein was isolated from PMN lysates in parallel experiments (Fig. 3, lane a) . We carried out immunoprecipitation studies on HL-60 and U937 cell lysates using the rabbit anti-FcR10 serum to determine if the serum crossreacted with the FcRhi on these cells. These studies revealed broad bands migrating from 64,000 to 71,000 Mr and from 48,000 to 55,000 Mr, respectively; the 90,000-Mr species observed after affinity chromatography on IgGl-Sepharose was absent (Fig. 3, lanes g and j) . Since Uninduced HL-60 cells bear no CR3, and in keeping with this observation, no protein was immunoprecipitated from labeled HL-60 cells using OKM10 (Fig. 5, lane b) . However, DMSO-induced HL-60 cells express CR3 (Fig. 2 C) , and labeled polypeptides were readily immunoprecipitated from these cells. Two peptides were observed, an a-peptide of 185,000 Mr and a ,l-peptide of 105,000 Mr (Fig. 5, lane c) . These (12) reported that the IgGi binding capacity of U937 cells was stimulated six-to eightfold by mixed leukocyte culture supernatants and by cloned gamma interferon (13) . We demonstrate here that IgGl binding by U937 is stimulated threefold by Con A supernatant, but find that there is no induction of FcYRI, demonstrating the independent regulation of the two Fc receptors. Similar independent regulation of mouse Fc receptors specific for IgG2b/IgGl immune complexes and IgG2a has been reported (37-39).
There are several reports of purification of human Fc receptors in the general range of 40,000-70,000 Mr (40) (41) (42) by affinity chromatography on columns of immobilized IgG. We have explored the heterogeneity of human Fc receptors using affinity chromatography on IgGl-Sepharose, immunoprecipitation with monoclonal anti-Fc.,Rl antibody 3G8, and immunoprecipitation with a rabbit serum elicited by 3G8-affinity purified FcR1O. As one might predict from the low avidity of the PMN FcR10 for IgGl (2, 3), we find nothing precipitated by affinity chromatography of PMN lysates on IgGl-Sepharose. However, from uninduced HL-60 and U937 cells, in agreement with others (40-42), we find a protein with broad electrophoretic mobility of -60,000 Mr, as well as a major peptide with a M, of 90,000. The rabbit anti-FcYR1, serum appears to cross-react with the FcRhi on uninduced HL-60 and U937 cells since it immunoprecipitates the same diffuse protein of -60,000 Mr observed following affinity chromatography on IgGl-Sepharose.
The 90,000 M, peptide observed following affinity chromatography on IgGl-Sepharose is not immunoprecipitated by the rabbit anti-FcR10 serum. The identity of this protein is unclear.
These results demonstrate the independence of FczRl and FcRtu but also underscore the probability that these are closely related proteins, which could have been inferred previously only by the striking similarity of the isolated proteins upon polyacrylamide gel electrophoresis.
